Background and Purpose-Hospitals are increasingly using 30-day readmission (30dRA) to define the quality of care and reimbursement. We hypothesized that common infections occurring during the stroke stay are associated with 30dRA. Methods-We conducted a weighted analysis of the federally managed 2013 National Readmission Database to assess the relationship between infection during a stroke hospitalization and 30dRA among ischemic stroke survivors. Ischemic stroke, common infections (defined as sepsis, pneumonia, and urinary tract infection), and comorbidities were identified using International Classification of Diseases Ninth Revision (ICD-9) diagnosis codes, and intravenous tPA (tissuetype plasminogen activator) or intra-arterial therapy was identified using ICD-9 procedure codes. Survey design logistic regression models were fit to estimate crude and adjusted odds ratios and 95% CI for the association between infections and 30dRA. Results-Among 319 317 ischemic stroke patients, 12.1% were readmitted within 30 days, and 29% had an infection during their index hospitalization. Patients with infection during their stroke admission had a 21% higher odds of being readmitted than patients without any type of infection (adjusted odds ratio, 1.21; 95% CI, 1.16-1.26). The association between infection and unplanned readmission was similar with an increased odds of unplanned readmission (adjusted odds ratio, 1.23; 95% CI, 1.18-1.29). When assessing specific types of infections, only urinary tract infections were associated with 30dRA in adjusted models (odds ratio, 1.10; 95% CI, 1.04-1.16). Conclusions-In a nationally representative cohort, patients who had a common infection during their stroke hospitalization were at increased odds of being readmitted. Patients with infection may benefit from earlier poststroke follow-up or closer monitoring.
P reventing medical and neurological complications after stroke are an integral goal of hospital admission and leads to improved stroke outcomes. 1 Infections after stroke, whether hospital-acquired infections (HAIs) or postdischarge infections, are associated with morbidity, mortality, and decreased functional outcome within 30 days poststroke. 2 The prevalence of poststroke infections varies widely with reports ranging from 5% to 65% of stroke patients being identified with HAIs. [3] [4] [5] [6] Risk of infection poststroke is thought to be multifactorial. Stroke-related deficits (ie, dysphagia), stroke patient management (ie, catheter or ventilator use), and strokeinduced immunosuppression have been shown to increase the risk of infections in stroke patients. 7 Although the relationship between HAI and outcomes poststroke is well described, 2 few studies have looked at the effects these complications have on poststroke readmissions.
There is evidence that this stroke-induced immunosuppression can last up to several weeks after an acute stroke. A recent study found that in stroke patients who were readmitted within 30 days of stroke hospitalization, infectious complications were a leading reason for readmission. 8 The frequency of 30-day readmissions (30dRAs) after stroke has become an indicator for the quality of care, quality of immediate postdischarge care, and the presence of a chronically ill and vulnerable population. Furthermore, hospitals are penalized for the presence of a large amount of 30dRAs by the hospital readmission reduction and hospital value-based purchasing programs. 9 Although rehospitalization poststroke because of infection has been identified as a leading contributor to increased health care utilization poststroke, 10 there is no data thus far on whether HAI during the stroke admission contributes to the 30dRA or readmission because of an infection. We
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hypothesize that HAI during the stroke admission will be associated with 30dRA poststroke.
Methods

Study Population
We analyzed data from the 2013 National Readmission Database (NRD). NRD is a nationally representative, weighted probability sample of discharges from hospitals in 21 
Patient Population, Inclusion/Exclusion Criteria, and Outcome Definition
Patients (aged ≥18) who were hospitalized for an ischemic stroke were included in this study. We excluded patients who died during their index stroke admission, were admitted for cancer care, or were hospitalized with psychiatric diagnoses. We used ICD-9 codes to identify patients with an ischemic stroke, defined using previously validated ICD-9 codes 433. x1 (x, the fourth digit, can vary to specify a specific arterial distribution), 434.x1, or 436. Primary analyses identified ischemic stroke patients with ICD-9 codes present in the first diagnostic position (DX1), which we refer to as primary ischemic stroke patients. We also conducted a sensitivity analysis in which ischemic stroke was defined as an ischemic stroke code at any diagnostic position between DX1 and DX12, referred to below as all ischemic stroke patients. Cases were excluded from the analyses if any traumatic brain injury ICD-9-CM code (800-804 and 850-854) or rehabilitation care ICD-9-CM code (V57) was present as the primary diagnosis. 11, 12 In both cohorts, the index or first admission into a hospital was tagged along with the discharge from the index admission. The primary outcome, 30dRA, was classified as any hospitalization occurring within the 30-day postdischarge window and classified into planned or unplanned readmissions using previously validated ICD-9 codes. 13, 14 Potentially preventable readmissions that were attributable to ambulatory care-sensitive conditions were identified using the AHRQ's prevention quality indicators. 13, 14 Secondary outcomes, 7dRA and 60dRA, were also assessed and were classified as any hospitalization occurring within the 7 days, or 60 days, postdischarge window. The reasons for readmission were identified through the assessment of the primary diagnosis ICD-9 code (DX1) from the subsequent rehospitalization.
Data Collection and Variable Definition
Patient demographics available in NRD, include age, sex, and length of stay. Comorbid conditions and infections during hospitalization were identified through ICD-9 codes. Infections during hospitalization included the following diagnoses: urinary tract infections (UTIs), pneumonia, sepsis, gastrointestinal infections, respiratory infections, and other infections ( Table 1 ). The ICD-9 codes used to identify the infections have been previously validated. [15] [16] [17] Treatments such as intravenous tPA (tissue-type plasminogen activator; 99.1) or endovascular therapy (39.74) were determined using ICD-9 procedure codes.
Statistical Analyses
We conducted a weighted analysis to assess the relationship between HAI during the stroke hospitalization and 30dRA in ischemic stroke patients. χ 2 tests and t tests were used to analyze differences in categorical and continuous demographic characteristics (respectively) between those with 30dRA and those without readmission. Survey design logistic regression models were fit for determining crude and adjusted odds ratios (OR) and 95% CI.
Results
Demographic Characteristics
There were a total of 319 317 stroke admissions in which ischemic stroke was the primary diagnosis code, and a total of 371 587 stroke admissions with an ischemic stroke code present in any diagnostic position (DX1-DX12). Of the primary ischemic stroke admissions, 12.1% were readmitted within 30 days. Primary ischemic stroke patients who were readmitted within 30 days were on average older, had a higher proportion of people covered by Medicare, and had more comorbid conditions, more vascular risk factors, higher APDRG severity, and longer length of stay during their index admission ( Table 2 ). The distribution of demographic characteristics stratified by readmission status was similar in people who had a stroke code in any diagnostic position (Table 2) .
Association Between Infections and 30dRA
Approximately 29% of the patients with a primary ischemic stroke code had an infection during their stroke stay, and 32% of patients with a stroke code in any position had an infection during their stroke stay. Primary ischemic stroke code patients who had an infection during their stroke stay had a higher odds of readmission (OR, 1.58; 95% CI, 1.53-1.64), and this relationship remained after adjusting for age, APDRG severity, length of stay during the stroke admission, diabetes mellitus, renal failure, coagulopathy, and number of chronic conditions (OR, 1.21; 95% CI, 1.16-1.26). Results from the sensitivity analyses, including patients with ICD-9 in any of the diagnostic positions did not differ substantially from the analyses of patients with a stroke code in the primary diagnosis code position (Table 3) .
In unadjusted analyses, sepsis, pneumonia, and UTI were associated with increased odds of 30dRA (Table 3 ), but only UTI remained associated with 30dRA in adjusted models (OR, 1.10; 95% CI, 1.04-1.16) among primary ischemic stroke patients. In patients with a stroke diagnosis in any diagnostic position, pneumonia (OR, 1.08; 95% CI, 1.01-1.17) and UTI (OR, 1.11; 95% CI, 1.06-1.17) increased the odds of readmission even after adjusting for age, APDRG severity, length of stay during the stroke admission, diabetes mellitus, renal failure, coagulopathy, and number of chronic conditions.
Association Between Infections and Unplanned 30dRA
Infection in primary ischemic stroke patients is associated with increased odds of 30 days unplanned readmissions (OR, 1.65; 95% CI, 1.59-1.72) and remains associated (OR, 1.23; 95% CI, 1.18-1.29) after adjusting for age, APDRG severity, length of stay during the stroke admission, diabetes mellitus, renal failure, coagulopathy, and number of chronic conditions. Sepsis (OR, 1.98; 95% CI, 1.69-2.23), pneumonia (OR, 1.71; 95% CI, 1.54-1.89), and UTI (OR, 1.37; 95% CI, 1.30-1.45) were associated with an increased odds of 30-day unplanned readmission in primary ischemic stroke patients. However, only UTI remained associated with increased odds In all ischemic stroke patients, the association between infection during a stroke stay and 60dRA was similar (adjusted OR, 1.24; 95% CI, 1.20-1.27).
Readmission Characteristics
We defined leading cause of readmission as the diagnostic code in the first diagnostic position during the repeat hospitalization. The leading cause of 30dRA was acute cerebral infarction, which was the primary diagnostic code for 20.8% of the readmissions, and infections were the second leading cause of readmissions accounting for 15.2% of readmissions. The remaining causes of readmission were more variable with proportions of 5% or less. When investigating diagnostic codes in all of the diagnostic positions, 35% of the readmissions included 1 or more diagnostic codes for an infection in their subsequent hospitalization within 30 days. Of the people who had an infection during their stroke stay for a primary stroke and were readmitted within 30 days, and 30% had an infection code present in their readmission hospitalization. Approximately 14% of the people who were readmitted for an infection did not have an infectious diagnostic code during their index stroke event.
Discussion
We found that experiencing an infection during a stroke admission increases the risk of 30dRAs, even after accounting for disease severity and other predictors of readmission. These associations remained regardless of whether the readmission was within 7, 30, or 60 days. Expanding the potential population of ischemic stroke patients to include those without a primary ICD-9 of ischemic stroke did not change the association between infection and readmission. Of interest, when looking at specific infections, only UTIs were associated with an increased 30dRA risk in primary stroke patients after accounting for disease severity and other factors that could influence the infection-readmission relationship. This is consistent with prior research as prior studies have identified UTIs as a risk factor for poor stroke outcomes, including increased length of stay, 18 neurological worsening, 19 and poor functional outcome poststroke. 20 One reason why UTI is associated with readmissions, while pneumonia is not, could be because of the number of people who have UTIs compared with pneumonia. There were more people who had a UTI than pneumonia, and the difference in the proportion of UTIs compared with pneumonia between those who were readmitted versus not readmitted could explain why UTI is an independent predictor of readmission while pneumonia is not. In the adjusted models, the odds of readmission were similar for UTI compared with pneumonia (aOR UTI , 1.10 versus aOR PNA , 1.08); however, the relationship between pneumonia and readmission was not statistically significant. The similarity in effect size indicates pneumonia has a similar relationship with readmission that UTI does, however, the smaller number of pneumonia cases influences the ability to detect a significant effect. When the population of stroke was expanded, UTI and pneumonia during the stroke admission were associated with 30dRA poststroke discharge after accounting for disease severity and other factors that could influence the infection-readmission relationship. The importance in identifying risk factors for 30dRAs has increased after the Centers of Medicaid and Medicare began the Inpatient Quality of Reporting Program which tracks 30dRAs after illnesses like stroke in hospitals across the United States. Many hospitals are also penalized for the presence of a large amount of 30dRAs by the hospital readmission reduction and hospital value-based purchasing programs. Patients who are rehospitalized within 30 days are likely to experience emotional distress, have higher medical fees, experience a lower health-related quality of life, and may have an increased risk of cardiovascular mortality.
Risk of HAI poststroke is multifactorial but is strongly influenced by degree of impairment (stroke scale, dysphagia, and level of arousal), patient management (ie, indwelling urinary catheter or ventilator use), and stroke-induced immunosuppression. 7 Stroke-induced immunosuppression, even before infection, may induce brain injury that is then perpetuated by inflammation associated with infection, thereby worsening stroke outcomes. Treating poststroke inflammation is further complicated by the beneficial role of the immune response poststroke, as the immune response can aid in stroke recovery. 21 The utility of the immune response poststroke is thought to explain why identification of a consistent treatment for inflammation poststroke has not been identified. Stroke severity plays an important role in the risk of HAI, with an increased inflammatory response in severe stroke patients in addition to these patients needing more clinical interventions, and longer hospital stays. Despite the evidence illustrating the devastating complications an HAI can have on a stroke patient, prophylactic antibiotic therapy in stroke patients has not been demonstrated to be of benefit. 22 The increased risk of HAI for stroke patients, combined with the profound impact HAI has on stroke patient outcomes, is indicative of the need to identify at-risk patients who could benefit from infection prevention strategies (such as early mobilization and oral hygiene) or potentially early antibiotic use. The development of risk scores to identify at-risk patients have been previously attempted; however, these scores are limited and do not fully account for all of the potential risk factors that could influence the risk of HAIs. Further research is needed to explore the changes in immune function over time poststroke, and to see if this could indicate which patients are at higher risk of HAIs and subsequent poor outcomes. This study has several limitations that require discussion. Prospective case ascertainment and detailed clinical information, such as the National Institutes of Health Stroke Scale, was not available. On the contrary, prior analyses have demonstrated an association with the APRDRG with stroke severity in other cohorts and found that increasing stroke severity was associated with increased APRDRG severity score. 23, 24 Outcomes after stroke are also strong influenced by the presence of medical comorbidities, which we captured through the AHRQ comorbidity measures, and which are based on discharge diagnoses. The definition could lead to incomplete ascertainment of the comorbidities commonly associated with stroke; however, this bias would be nondifferential resulting in a bias towards the null. We were only able to capture patients who were hospitalized in hospitals that are sampled to create the NRD dataset. The ICD-9 codes used to identify infections were validated in prior studies; however, the lack of strokeassociated infection definitions, or stroke-associated pneumonia, is a major limitation. The strengths of our study include the large study size and the inclusion of all hospitalizations regardless of insurance status. The NRD contains information on both community hospitals, as well as academic centers, enabling us to assess this association in all hospitalizations.
This study suggests that infections during a stroke hospitalization increase the risk for readmission within 30 days of a stroke discharge. Of interest, UTIs account for a majority of the infections and are independently associated with 30-day readmission in stroke patients. This finding highlights the importance of nursing and admission protocols targeted at preventing UTIs, notably avoiding the use of indwelling catheters and the use of bladder ultrasounds to treat retention. These strategies may be an additional mechanism to prevent 30dRAs, particularly if they are carried forward in acute and subacute rehabilitation centers or at home. Future studies are needed to confirm these relationships in other patient populations, investigate mechanisms of the increased risk of readmission because of an infection during the stroke stay, and determine effective strategies to reduce this risk.
